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1
METHOD AND APPARATUS FOR THE
PRODUCTION OF A WELDING SEAM OR A
THREE-DIMENSIONAL STRUCTURE ON A
SURFACE OF A METALLIC WORK PIECE

CROSS REFERENCE TO RELATED
APPLICATIONS

Applicants claim priority under 35 U.S.C. §119 of Austrian
Application No. A 1592/2011 filed on Oct. 28, 2011, the
disclosure of which is incorporated by reference.

The present invention relates to a method for the produc-
tion of a welding seam or a three-dimensional structure on a
surface of at least one metallic work piece, preferably made of
titanium or a titanium alloy, with the help of a welding pro-
cess, whereby an electric arc is ignited between a welding
wire guided in a welding torch and the work piece, and the
welding seam or structure is produced by the welding wire,
whereby for stabilising the electric arc a laser beam having a
maximum power of 2000 W is used, which laser beam is
directed to that position on the surface of the work piece on
which the welding seam or structure is produced.

Furthermore, the invention relates to an apparatus for the
production of a welding seam or a three-dimensional struc-
ture on a surface of at least one metallic work piece, prefer-
ably made of titanium or a titanium alloy, with the help of a
welding torch for carrying out a welding process with a weld-
ing wire guided in the welding torch, whereby an electric arc
is ignited between the welding wire and the work piece, and
for stabilising the electric arc a laser for emitting a laser beam
having a maximum power of 2000 W is arranged, with a point
of impact being on that position on the surface of the work
piece, where the welding seam or structure is produced.

Apparatuses and methods, in which the electric arc of a
welding machine is stabilised by a laser beam, are known, for
example, from WO 2006/133034 A1, WO 2011/076109 Al or
CN 101811231 A.

In particular, in the welding of work pieces made of tita-
nium or a titanium alloy, the use of active gases (e.g. CO, or
0,) is not desired, since these will react with the material of
the work piece and result in oxidation and consequently in
embrittlement of the connecting site. The omission of active
gases, however, also leads to the elimination of the light-
stabilising effect of active gases, for which reason instabilities
of'the electric arc and, as a result thereof, deteriorations in the
welding quality will entail. Thus, the electric arc does not stay
on one point of the surface but moves to and fro thereon.

Due to their low specific weight, work pieces made of
titanium or a titanium alloy are frequently used in the aircraft
industry. To connect such work pieces with composites, in
particular carbon composites (CFRP carbon fibre reinforced
plastics), which are likewise widely used in the aircraft indus-
try, it is common to arrange three-dimensional structures on
the surface of the metallic work piece, mainly in the form of
short rods or pins, to which the composites can be connected.
An apparatus and a method for the production of such three-
dimensional structures on a surface of a metallic work piece
are known, e.g. from AT 506 217 B1. Due to the above cited
inadmissible application of active gases difficulties will also
arise in the production of such three-dimensional structures
due to the instabilities of the electric arc. As a result, the
connection of the three-dimensional structures to the surface
of the metallic work piece may turn out to be not stable
enough. Countermeasures such as an increase in the electric
arc power, which results in an increase in the heat input, are
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not expedient in particular in the case of very thin work pieces
(e.g. <1 mm), since they would lead to inadmissible distortion
of the work pieces.

Even though the description of the subject-matter is
directed towards work pieces made of titanium or titanium
alloy, the measures are advantageous also in the case of work
pieces made of other equivalent materials, such as alu-
minium, aluminium alloys, galvanised steel, chromium-
nickel steel or the like.

The object of the present invention is to create an above-
mentioned method and an above-mentioned apparatus for the
production of a welding seam or a three-dimensional struc-
ture on a surface of a metallic work piece, wherein the weld-
ing quality can be increased. Furthermore, positioning of the
three-dimensional structure is to be improved, in particular, a
reduction of the distances of the individual three-dimensional
structures to one another is to be achieved.

Interms of process engineering, the object according to the
invention is solved in that the laser beam is activated prior to
the ignition of the electric arc. The electric arc can be stabi-
lized by the laser having a relatively low power, even without
the use of an active gas, and the electric arc can be prevented
from dancing around the desired base point during the weld-
ing process. By using the low-energetic laser, the oxide layer
is vaporised on the surface of the work piece and, in addition,
the air above the work piece surface is pre-ionized, thereby
creating optimum conditions for the electric arc of the weld-
ing process. The supporting use of a laser constitutes a simple
measure to improve the welding results in the welding of
work pieces made in particular of titanium or titanium alloys.
The point where the welding seam and/or structure is to be
produced is pre-heated by the supporting laser beam, and the
contact resistance is reduced, thus making it possible to pro-
duce a higher-quality welding seam and/or structure. Activat-
ing the laser beam prior to the ignition of the electric arc can
assist in igniting the electric arc, since the work piece surface
is pre-heated by the laser and cleaned by means of removing
any possible oxide layers. In the production of three-dimen-
sional structures in the form of individual pins, the base point
of'the pins is narrower, since the electric arc is stabilized and
does not dance around, thereby making it possible to arrange
the three-dimensional structures and/or pins in a more narrow
manner on the surface of the metallic work piece. As a matter
of fact, if the electric arc were dancing around on the surface
and it is desired to place the three-dimensional structures as
close as possible to one another, it can happen that the electric
arc jumps to an already set three-dimensional structure in an
uncontrolled manner and destroys the same. Therefore, it has
been possible so far to build up the three-dimensional struc-
tures in such difficult materials at a relatively large distance
only, which, however, is not advantageous, since in order to
obtain a high strength or joining force of a composite material
to be joined as many such three-dimensional structures as
possible are required.

Advantageously, the laser beam is activated in dependence
on a value of a welding parameter, in particular, in depen-
dence on an increase in the welding current. Thus, the electric
arc can be stabilized synchronously with the activation of the
electric arc.

Optimum results can be achieved whenever the laser is
activated a predetermined period of time prior to the ignition
of the electric arc, preferably 30 ms to 60 ms prior to the
ignition of the electric arc, and during the ignition of the
electric arc. Such a preliminary laser application is particu-
larly advantageous in contactless ignition of the electric arc
with work pieces made of galvanised steel, aluminium or the
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like. This creates pre-heating and pre-ionizing, whereby the
electric arc is very quickly stabilized after ignition.

In the production of three-dimensional structures on the
surface of the work piece, for assisting the severing of the
welding wire at a specified height relative to the surface of the
work piece, the laser beam can additionally be directed to the
welding wire and be activated. The height adjustment of the
severing of the welding wire in the prior art without the
influence ofthe laser beam is defined above all by the duration
of the cooling phase after fixing the welding wire on the
surface of the work piece, the final temperature obtained at the
end of the cooling phase being decisive. This results in geom-
etry- and material-dependent maximum and minimum
heights. By means of selectively positioning the laser beam
on the welding wire at the desired height, additional heat may
be introduced into the welding wire and the severing of the
welding wire at the desired height be set independently
thereof. In this manner, three-dimensional structures, in par-
ticular pins, can be produced at a desired height in optimum
quality. When assisting the severing of the welding wire, the
welding torch does not change its position, whereas the direc-
tion of the laser beam is altered, i.e. the laser beam is redi-
rected from the surface of the work piece and to the welding
wire.

The object according to the invention is also solved by an
above-cited method for the production of a three-dimensional
structure on a surface of a metallic work piece with the help of
awelding process, whereby, for supporting the severing of the
welding wire, the laser beam is directed onto the welding wire
at a predetermined height from the surface of the work piece
and is activated there.

In accordance with a feature of the invention, for the sev-
ering of the welding wire while the laser beam is directed and
activated at the predetermined height from the surface of the
work piece and onto the welding wire, the electric arc is
extinguished or the power source is deactivated, respectively.
Thus, an exact severing of the welding wire at the defined
height can be achieved.

Advantageously, the point of impact or focal point of the
laser beam can be adjusted. The adjustment can be made
manually, for example, with corresponding adjusting screws,
or automatically by means of corresponding drive units. The
adjustment device can also be integrated in the processing
optics of the laser.

A suitable welding process is in particular a so-called CMT
(cold metal transfer) welding process with a forward/back-
ward movement of the welding wire, which process distin-
guishes itself by an especially low heat input. Such a welding
process can also be applied in a suitable manner in especially
thin work pieces, since due to the low heat input in the work
piece there occurs hardly any distortion on the work piece.

In particular, an infrared laser beam is suited as a laser
beam.

Even if the use of active gases in work pieces, made in
particular of titanium or a titanium alloy, is inadmissible due
to the above described problems, shielding gases can be used
to improve the welding results, in which connection noble
gases, in particular, argon is especially suited.

The object according to the invention is also solved by an
above-cited apparatus for the production of a welding seam or
a three-dimensional structure on the surface of a metallic
work piece, preferably made of titanium or a titanium alloy, in
which the laser is connected with a means for controlling the
laser, which control means is designed to activate the laser
beam priorto the ignition of the electric arc. With regard to the
advantages obtainable thereby, reference is made to the above
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description of the method for the production of a welding
seam or a three-dimensional structure on a surface of a metal-
lic work piece.

Advantageously, the control means of the laser is adapted
to activate the laser prior to the ignition of the electric arc,
preferably in a period of time of 30 ms to 60 ms prior to the
ignition of the electric arc, and during the ignition of the
electric arc.

In order to be able to optimally adjust the point of impact or
focal point of the laser beam, a means for adjusting the point
of'impact ofthe laser beam is preferably provided. As pointed
out above, said adjusting means can composed of mechanical
elements such as adjusting screws or electro-mechanical ele-
ments such as corresponding actuating drives.

When a means for adjusting the point of impact or the focal
point of the laser beam in a direction perpendicular to the
surface of the work piece is provided, assisting the severing of
the welding wire can take place at a desired height from the
surface of the work piece.

Such an adjusting means may be formed by a controlled
deflection mirror arranged in front of the laser. Instead the
deflection mirror, a moving lens, a prism or the like can also
be used.

As mentioned above, an infrared laser for emitting an infra-
red laser beam is provided as laser.

For further improving the welding result, the welding torch
can be connected to a line for the supply of argon as shielding
gas.

Finally, an embodiment is also advantageous in which, for
the severing of the welding wire, the power source for apply-
ing energy on the welding wire is deactivated and the laser
beam is focussed at a predetermined height from the surface
of'the work piece and onto the welding wire, since thereby a
severing of the welding wire at exactly the defined height can
be obtained.

The present invention will be described in more detail with
reference to the enclosed schematic drawings in which:

FIG. 1 shows a schematic view of a welding apparatus;

FIG. 2 shows an embodiment of an apparatus for the pro-
duction of a welding seam or a three-dimensional structure on
a surface of a metallic work piece;

FIGS. 3a to 3d schematically show chronological
sequences of a method for the production of a three-dimen-
sional structure on a surface of a metallic work piece; and

FIG. 4 schematically shows the production of a three-
dimensional structure having a predetermined height on the
surface of a metallic work piece.

FIG. 1 shows a welding apparatus 1 for a large range of
processes or methods, such as e.g. MIG/MAG, WIG/TIG,
electrode welding, double wire/tandem welding processes,
plasma or soldering methods, etc.

The welding apparatus 1 comprises a power source 2 with
apower unit 3 arranged therein, a control means 4 and further
components and lines (not shown), such as e.g. a switch-over
element, control valves, etc. For instance, the control means 4
is connected to a control valve arranged in a supply line for a
shielding gas 5 between a gas storage 6 and a welding torch 7.

In addition, via the control means 4, a device 8 for convey-
ing a welding wire 9 from a delivery drum 10 or a wire coil to
the area of the welding torch 7 can also be controlled, such as
e.g. is common for MIG/MAG welding. Of course, the con-
veyance device 8 may also be integrated in the welding appa-
ratus 1, in particular, in housing 11 of the power source 2 and
not be positioned as an additional device on a carriage 12, as
shown in FIG. 1. The conveyance device 8 for the welding
wire 9 may also be placed directly on the welding apparatus 1,
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whereby the housing 11 of the power source 2 is designed on
the top for receiving the conveyance device 8, and the carriage
12 can be omitted.

The welding wire 9 can also be supplied from a conveyance
device 8 outside the welding torch 7 to the process point,
whereby preferably an electrode which cannot be melted is
arranged in the welding torch 7, as is common in WIG/TIG
welding.

The current for establishing an electric arc 13 between the
welding wire 9 and a work piece 14 composed of one or
several parts is supplied via a welding line (not shown) from
the power unit 3 of the power source 2 and to the welding
torch 7. The work piece 14 is connected to the power source
2 via a further welding line (not shown) for the further poten-
tial, in particular an earth cable, whereby an electric circuit for
a process can be built up via the electric arc 13.

For cooling the welding torch 7, the latter is connected, via
a cooling device 15 by means of interconnecting possible
components, such as e.g. a flow monitor, to a liquid container,
in particular to a water container 16 with a level indicator 17.
When operating the welding torch 7, the cooling device 15, in
particular a liquid pump used for the liquid disposed in the
water container 16, is started, thus causing cooling of the
welding torch 7. As is illustrated in the shown embodiment,
the cooling device 15 is positioned on the carriage 12, on
which subsequently the power source 2 is placed. The indi-
vidual components of the welding apparatus 1, i.e. the power
source 2, the wire conveyance device 8 and the cooling device
15 are designed in such a way that they include corresponding
projections or recesses, so that they can be stacked or placed
safely one upon another.

The welding apparatus 1, in particular the power source 2
further comprises an input and/or output device 18 via which
a large number of welding parameters, modes of operation or
welding programmes of the welding apparatus 1 can be
adjusted and retrieved and/or displayed. The welding param-
eters, modes of operation or welding programmes adjusted
via the input and/or output device 18 are forwarded to the
control means 4, and subsequently said control means trig-
gers the individual components of the welding apparatus 1
and/or specifies corresponding target values for the regulation
or control. In the use of a corresponding welding torch 7,
adjustment operations can also be carried out via the welding
torch 7, for which reason the welding torch 7 is equipped with
a welding torch input and/or output device 19. Preferably, the
welding torch 7 is connected via a data bus, in particular a
serial data bus, to the welding apparatus 1, in particular to the
power source 2 or the conveying device 8. For starting the
welding process, the welding torch 7 usually comprises a start
switch (not shown), the actuation of which can ignite the
electric arc 13. To be protected from radiant heat emanating
from the electric arc 13, the welding torch 7 can be equipped
with a heat shield 20.

In the shown embodiment, the welding torch 7 is connected
to the welding apparatus 1 via a hose package 21, the hose
package 21 being able to be mounted to the welding torch 7 by
a support sleeve. In the hose package 21, the individual lines,
such as e.g. the supply line, lines for the welding wire 9, the
shielding gas 5, the cooling circuit, the data transmission etc.
are arranged from the welding apparatus 1 and to the welding
torch 7, whereas the earth cable is connected to the power
source 2 preferably in separate fashion. Preferably, the hose
package 21 is connected via a coupling means (not shown) to
the power source 2 or the conveying device 8, whereas the
individual lines in the hose package 21 are fixed to or in the
welding torch 7 with a support sleeve. So as to ensure corre-
sponding strain relief of the hose package 21, the latter can be
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connected via a strain relief means to the housing 11 of the
current source 2 or the conveying device 8 (not shown).

Basically, not all of the above mentioned components must
be used or employed for the different welding processes
and/or welding apparatuses 1. The welding torch 7 may also
be designed as an air-cooled welding torch 7 and the cooling
means 15 may be omitted. The welding apparatus 1 is formed
at least by the power source 2, the conveying device 8 and at
best the cooling means 15, whereby these components may
also be arranged in a joint housing 11. In addition, other parts
or components, such as e.g. a grinding protection 23 on the
wire conveyance device 8 or an option carrier 24 on a holding
means 25 for the gas storage 6 etc. may be arranged.

The embodiment of a welding apparatus 1 shown in FIG. 1
constitutes only one of many options. In particular, the weld-
ing apparatuses 1 may vary with respect to the supply of the
welding wire 9, the length of the hose package 21, the type,
position and number of conveyance devices 8 for the welding
wire 9, the presence of a wire buffer (not shown) and much
more.

FIG. 2 shows an embodiment of an apparatus for the pro-
duction of a welding seam or a three-dimensional structure 26
on a surface of a metallic work piece 14. Accordingly, for
carrying out the welding process a welding torch 7 is pro-
vided, which is connected to a control means 4. A welding
wire 9 is guided in the welding torch 7, and an electric arc 13
is ignited between the welding wire 9 and the work piece 14.
In accordance with the invention, to stabilize the electric arc
13, alaser 27" for emitting a laser beam 27 having a maximum
power of 2000 W, preferably a maximum of 400 W to 700 W,
is arranged, with a point of impact of the laser beam 27 being
on that position on the surface of the work piece 14 on which
the welding seam or structure 26 is to be produced. Accord-
ingly, the electric arc 13 is also directed on this point of
impact. The laser 27' is connected to a means 28 for the
control of the laser 27', which means is designed to activate
the laser beam 27 prior to, during and/or after the ignition of
the electric arc 13. Accordingly, the control means 28 of the
laser 27" is connected to the control means 4 of the welding
torch 7 and/or the welding apparatus 1. For adjusting the point
of'impact or focal point of the laser beam 27, a corresponding
adjustment means 29 may be provided. Said adjustment
means 29 can be formed by corresponding adjustment screws
oractuating drives (not shown). In accordance with the inven-
tion, the electric arc 13 is stabilized by means of activating the
laser beam 28 with low power, whereby also in work pieces
14, preferably made of titanium or titanium alloys, good
welding results can be achieved. In particular, in the produc-
tion of three-dimensional structures 26 on the surface of the
work pieces 14, for instance, for the connection of a work
piece 14 made of titanium or a titanium alloy to carbon fibre
composites, good results and optimum connections of the
three-dimensional structure 26 to the work piece 14 can be
obtained.

FIGS. 3a to 3d show schematically chronological
sequences of a method for the production of a three-dimen-
sional structure 26 on a surface of a metallic work piece 14. In
principle, FIG. 3a shows the production of a three-dimen-
sional structure 26 on the surface of a metallic work piece 14.
Below the schematic principle depiction of the position of the
welding wire 9, the chronological sequence of the welding
current IW is shown in FIG. 3a. For igniting the electric arc
13, the welding wire 9 is moved towards the surface of the
work piece 14 and after having contacted the surface of the
work piece 14 the welding wire 9 is again moved away from
the work piece 14. During a phase of increased welding
current IW, the electric arc 13 is ignited (point in time tz).
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Subsequently, a corresponding welding process, in particular
a cold metal transfer welding process is applied to melt the tip
of the welding wire 9 by means of a defined increase in the
welding current IW and to connect it to the work piece 14.

For the severing of the welding wire 9, after a possible
cooling phase of the welding wire 9, the welding wire 9 is
again heated, for instance, by a corresponding current flow
through the welding wire 9. Thus, a heat spot is formed in a
defined area above the base point of the welding wire 9 or pin
fused to the work piece surface. Now, when the welding wire
9 and/or the welding torch 7 is taken or moved back, the
welding wire 9 may be severed at this location. By moving the
welding wire 9 back and correspondingly controlling the
welding parameters, in particular, of the welding current I and
the wire conveyance speed v, severing of the welding wire 9
may take place at a defined height Ax and thus a three-
dimensional structure 26 in the form of a pin can be produced.
However, said heat spot cannot be defined exactly, which is
why certain deviations may arise in terms of the height posi-
tion of the produced three-dimensional structure 26.

FIG. 36 shows the method according to the invention,
wherein the laser beam 27 is used to assist the ignition of the
electric arc 13. Accordingly, prior to the ignition of the elec-
tric arc 13 at time period tz, the laser beam 27 is activated and
the ignition of the electric arc 13 is supported. Preferably, the
laser beam 27 is activated essentially at the same time as the
wire conveyance. That is to say that the start of the forward
movement of the welding wire 9 activates the laser beam 27.
Thus, the laser beam 27 and the wire conveyance are synchro-
nized accordingly. A contactless ignition of the electric arc 13
may also be achieved by pre-ionising the air above the work
piece 14 by the laser beam 27. The positive influence of the
laser beam 27 on the pre-ionization could be shown clearly
with high-speed recordings of the welding process, so that the
electric arc 13 burns or is ignited exactly in that area which is
pre-ionized by the laser beam 27. Accordingly, the laser beam
27 is deactivated after ignition of the electric arc 13. Detection
of'the electric arc 13 is made, for instance, via measuring the
voltage of the electric arc 13 and/or via the short-circuit
detection. In the case of a short circuit, the current increases
accordingly, due to which change of state the laser beam 27 is
deactivated. Likewise, in the case of a short circuit, the volt-
age is zero, with the voltage increasing during or after the
ignition of the electric arc 13, so that the ignition can easily be
recognized also by monitoring the voltage of the electric arc
13.

FIG. 3¢ shows the method according to the invention,
wherein the laser beam 27 is activated for a period of time At
prior to the ignition of the electric arc 13 and during the
ignited electric arc 13 and thereby the stability of the electric
arc 13 can be increased. The laser beam 27 can be activated in
dependence on the feed rate of the welding wire 9 and/or on
the basis of the short circuit detection. In this connection, the
laser beam 27 is also active during the short circuit, whereby
in said short circuit of the ignition phase no material transition
takes place. For this, the laser beam 27 is preferably laterally
directed to the base point of the structure, so that it acts in the
transition area from the structure to the work piece 14, if
possible. The period of time At for which the laser beam 27 is
activated prior to the ignition of the electric arc 13 is prefer-
able 30 ms to 60 ms. Accordingly, the laser beam 27 is
deactivated with the next following short circuit with material
transition. The laser beam 27' can be activated on every new
ignition of the electric arc 13, so that a corresponding stabi-
lisation of the electric arc 13 is guaranteed.

In FIG. 34, a further variant of the method according to the
invention is shown, in which the laser beam 27 is adjusted in
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a direction perpendicular to the surface of the work piece 14,
so that the point of impact of the laser beam 27 on the welding
wire 9 is at a predetermined height Ax from the surface of the
work piece 14. By means of heat input in the welding wire 9
at the predetermined height. Ax from the surface of the work
piece 14, tearing off or severing the welding wire 9 at this
predetermined height Ax is assisted in the backward move-
ment of the welding wire 9; thus, it is possible to produce
three-dimensional structures 26 having a prescribed height
Ax. For the purpose of severing, the current for this phase is
increased accordingly, so that the laser beam 28 is activated
upon the current increase and deactivated again upon the
current reduction. After a corresponding cooling phase, the
laser 27' can be re-activated for stabilizing the electric arc 13.
Contrary to the prior art according to FIG. 3a, the supporting
effect of the laser 27' allows to accurately adjust the point
where the welding wire 9 is to be severed. When the laser
beam 27 is directed or focused at the predetermined height Ax
from the surface of the work piece 14 and onto the welding
wire 9, heating takes place at the point of impact, whereby the
heat spot formed by the current flow through the welding wire
9 is formed exactly at the desired point.

FIG. 4 shows an embodiment of an apparatus for carrying
out the method last described in connection with FIG. 3d for
the production of three-dimensional structures 26 in the form
of pins having a predetermined height Ax. For adjusting the
laser beam 27 in a direction perpendicular to the surface of the
work piece 14, a corresponding adjustment means 30 is
arranged. This means can be formed by a controlled deflec-
tion mirror 31. The laser beam 27 is deflected by the deflec-
tion mirror 31 and directed to the desired location on the
welding wire 9 and corresponding heat is introduced there. In
the backward movement of the welding wire 9, the welding
wire 9 is torn off or severed at the desired point and the result
is a pin having the desired height Ax. In this manner, a plu-
rality of pins can be produced on the surface of a work piece
14, which for example may serve to connect the metallic work
piece 14 to CFK composites in the aircraft industry or in
shipbuilding.

When aligning or focussing the laser beam 27 on the weld-
ing wire 9, the energy supply via the power source 2 may also
be interrupted, i.e. the power source 2 can be deactivated or
the electric arc 13 can be extinguished and the welding wire 9
can be cut oft by the laser beam 27 at the predetermined height
Ax.

In the solution according to the invention it is essential that
a defined area on the work piece 14 is ionized and, if required,
heated by the laser beam 27, so that the electric arc 13 is
ignited exactly in that area and also burns within this range.
Thus, exact positioning of the electric arc 13 is obtained,
which does not move around on the surface of the work piece
14, as is the case in the prior art without ionization and
heating. Due to this so-called “constriction” of the electric arc
13, three-dimensional structures 26 or pins can be placed very
close together, since the electric arc 13 no longer tends to
move around on the surface of the work piece 14. If the
electric arc 13 were to move around, as is the case in prior art,
the three-dimensional structures 26 or pins would have to be
positioned with sufficiently large distances relative to one
another so that the moving electric arc 13 does not hit the
neighbouring structures 26 or pins. In case the electric arc 13
hits an already set pin, said pin would be destroyed, since it
would be melted due to the heat effect from the electric arc 13.
Thus, it must be ensured that the electric arc 13 is burning
always on the desired location on the surface of the work
piece 14 and does not jump over to any other pin already set.
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For this purpose, the intensity of the laser beam 27 for the
ionization and heating may be adapted in accordance with the
material used. Even in pins to be set very close together, the
laser power may be increased, in order to create a very lim-
ited, highly ionized area.

The invention claimed is:

1. A method for the production of a three-dimensional
structure (26) on a surface of a metallic work piece (14) made
of titanium or a titanium alloy using a welding method, the
method comprising the following steps:

activating a laser beam (27) having a maximum power of

2000 W,

directing the laser beam (27) to that position on a surface of

the work piece (14) on which the structure is produced,

igniting an electric arc (13) between a welding wire (9)

guided in a welding torch (7) and the work piece (14),
producing the three dimensional structure with the welding
wire, and

severing the welding wire (9) by directing the laser beam

(27) onto the welding wire (9) at a predetermined height
(Ax) from the surface of the work piece (14) and acti-
vating the laser beam there;

wherein the laser beam (27) is ignited prior to the ignition

of the electric arc (13) and stabilizes the electric arc
during welding.
2. The method according to claim 1, wherein the laser beam
(27) is activated based on an increase in a welding current
Iw.
3. The method according to claim 1, wherein the laser beam
(27) is activated a predetermined period of time (At) prior to
the ignition of the electric arc (13), and during the ignition of
the electric arc (13).
4. The method according to claim 1, wherein the electric
arc is extinguished during the step of deflecting the laser
beam.
5. The method according to claim 1, further comprising
adjusting a point of impact of the laser beam (27).
6. The method according to claim 1, wherein the welding
process used is a CMT (cold metal transfer) welding process
with a forward/backward movement of the welding wire (9).
7. The method according to claim 1, wherein the laser beam
(27) is an infrared laser beam.
8. The method according to claim 1, wherein argon is used
as shielding gas (5).
9. A method for the production of a three-dimensional
structure (26) on a surface of a metallic work piece (14) using
a welding process, comprising the following steps:
igniting an electric arc (13) between a welding wire (9)
guided in a welding torch (7) and the work piece (14),

melting a tip of the welding wire (9) and moving the weld-
ing wire so that the welding wire is connected to the
workpiece (14), and

directing the laser beam (27) in a direction of the welding

wire so that the laser beam severs the welding wire (9) in
apredetermined height (Ax) from the surface of the work
piece (14).
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10. The method according to claim 9, wherein the electric
arc is extinguished during the step of directing the laser beam.

11. The method according to claim 9, further comprising
adjusting a point of impact of the laser beam (27).

12. The method according to claim 9, wherein the welding
process used is a CMT (cold metal transfer) welding process
with a forward/backward movement of the welding wire (9).

13. The method according to claim 9, wherein the laser
beam (27) is an infrared laser beam.

14. The method according to claim 9, wherein argon is used
as shielding gas (5).

15. An apparatus (1) for the production of a three-dimen-
sional structure (26) on a surface of a metallic work piece (14)
made of titanium or a titanium alloy, comprising:

a welding torch (7) configured for carrying out a welding
process with a welding wire (9) guided in the welding
torch (7), whereby an electric arc (13) is ignited between
the welding wire (9) and the work piece (14), and

a laser for stabilizing the electric arc (13), the laser (27")
emitting a laser beam (27) having a maximum power of
2000 W, and being positionable on the work piece (14)
such that the laser beam contacts that position on the
surface of the work piece (14) where the structure (26) is
produced, and

a control means (28) connected to the laser (27') for con-
trolling the laser beam (27), said control means (28)
being configured for activating the laser beam (27) prior
to the ignition of the electric arc (13),

wherein the laser is configured for severing the welding
wire (9) at a predetermined height (Ax), by directing the
laser beam (27) to the welding wire (9) at a predeter-
mined height (Ax) from the surface of the work piece
(14) and activating the laser beam (27) there, and deac-
tivating a current source for forming the electric arc (13).

16. The apparatus (1) according to claim 15, wherein the
control means (28) is adapted to activate the laser beam (27)
in a period of time (At) 0of 30 ms to 60 ms prior to the ignition
of' the electric arc (13), and during the ignition of the electric
arc (13).

17. The apparatus (1) according to claim 15, further com-
prising an adjusting means (29) for adjusting a point of impact
of'the laser beam (27).

18. The apparatus (1) according to claim 15, further com-
prising an adjusting means (30) for adjusting the point of
impact of the laser beam (27) in a direction perpendicular to
the surface of the work piece (14).

19. The apparatus according to claim 18, wherein the
adjusting means (30) comprises a controlled deflecting mirror
3.

20. The apparatus (1) according to claim 15, wherein the
laser (27') is an infrared laser for emitting an infrared laser
beam.

21. The apparatus (1) according to claim 15, wherein the
welding torch (7) is connected to a line (32) for the supply of
argon as shielding gas (5).
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